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1. INTRODUCTION

Distributed energy resources (DER) have received much attention as it offers a great opportunity to
utilize the indigenous renewable energy resources as well as create flexibility in generation and distribution.
A DER is a term applied to a wide variety of technologies including distributed generation (DG), microgrids,
photovoltaic (PV), energy efficiency (EE), smart inverters, battery energy storage and electric
vehicle (EV) [1-4]. The benefits including cost saving to consumer, a reduction in emission, reliability
assurance, and adequate power quality [5-12]. Despite all the benefits, interconnecting DER brings challenges
to the existing protection scheme in the distribution network.

The advancement of distribution networks has posed challenges to long-established protection
schemes including feeder protection blinding, sympathetic tripping of adjacent feeder relays, coordination
problems between reclosers and downstream fuses, failed auto-reclosing and unintentional islanding [13, 14].
The integration of DER in distribution networks would change the distribution network topology creating it a
multi-source dynamic network with bi-directional current flow [15, 16]. Besides that, integration of DER
causes the variation in the fault current level in the network and disturb the coordination between relays.
Numerous studies on the impacts of DER on the existing protection of distribution networks have been analysed
by the researcher [17-23].

The most widely used form of protection in the distribution network is overcurrent
protection [24, 25]. Directional overcurrent relays (DOCR) are normally used for the protection of a
distribution network and also as secondary protection of the transmission networks [26]. However, the presence
of DER resulting in the maloperation of traditional DOCR in a distribution network. Two approaches have
been identified for protection in the distribution network with the presence of DER [27]. The first approach is
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based on the conventional protection scheme with minimum changes, easy to implement and does not involve
any modification in the existing distribution network. However, this approach demotes the capability of DER
as backup and alternative sources as well as jeopardize fault detection and isolation. The second approach
based on the adaptive protection scheme, which involves the modification of the protection setting according
to the condition of the network. This approach allows a dynamic change in setting corresponding with the
current operating condition of distribution networks.

The key operation of overcurrent protection depends on the protection settings. The integration of
DER in the distribution network requires a change in the settings of overcurrent protection. Hence, an adaptive
protection scheme is required to identify the protection parameter settings according to the prevailing system
condition for accurate operation of overcurrent protection. Various strategies for adaptive protection proposed
by the researcher and these strategies can be categorized into three main strategies, which are identified as
network topology estimation, fault detection, and adaptive coordination.

The objective of this paper is to presents an overview of the adaptive overcurrent protection scheme
with the integration of DER. This paper is structured according to the following section: Section 2 presents
the impact of DER on overcurrent protection. Section 3 presents adaptive overcurrent protection and Section
4 provides discussion on strategies of the adaptive overcurrent protection considering integration of DER.
Lastly, section 5 concludes the paper.

2.  IMPACT OF DER ON OVERCURRENT PROTECTION

The introduction of DER in the distribution network provides challenges to existing overcurrent
protection schemes. Numerous studies and analysis are performed on the impact of DER on existing
overcurrent protection. Three major challenges are highlighted which are a change in network topology, fault
current contribution from DER and miscoordination between protection relays.

2.1. Change in network topology

Conventional distribution networks with traditional protection schemes are initially design based on
the passive paradigm and only protect in unidirectional power flow. The integration of DER has changed
the networks to be active paradigm and traditional protection scheme is ineffective for the network.
The growing DER penetration in distribution network combined with the variable operation mode of
the microgrid as well as the connection of DER, require a change in the structure and topology of protection
scheme owning to change in the power flow direction [28-30]. The presence of DER can cause sympathetic
tripping happens. Hence, modifying in relay setting and characteristics of overcurrent protection in distribution
networks is required according to the change in the network topology.

2.2. Fault current contribution

Fault current contribution become major concern in the power system. Integration of DER not only
alter the power flow in the distribution networks but also affect the fault current during the event of disturbance
[31]. The penetration of DER in distribution network has significantly changed the magnitude and the direction
of fault currents. The variation of fault level are depends on the technology of DER (synchronous machine DG
or inverter based DG), DER capacity, grid impedance, as well as the location of the point of common coupling
(PCC) [32, 33]. The amount of fault current contributed by DER varies widely [32, 34]. Generally, DER are
connected with network via power converter, so the fault behaviour are depends on converter controller and its
design parameter [35]. The contribution of Inverter Based Distributed Generation (IBDG) to the system’s fault
current level is the lowest [33]. The integration of DER cause the increase in equivalent impedance of
the network, which result decrease in the fault current level [36-41].

2.3. Miscoordination

The miscoordination between two adjacent feeders can occur when DER are introduced in
the distribution networks. Losing the protection coordination may cause the substantial problem in power
system reliability and outage of large number of distribution feeder [42]. The traditional coordination of
protection system are designed in radial systems is based on time current curves (TCC). Both downstream and
upstream overcurrent relay should be able to discover the fault current, the downstream relay should
operate faster than the upstream one. Hence, operating time corresponding to the downstream relay
must be lower than the upstream relay, keeping an arrow delay time for the primary relay to isolate
the fault.
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3. ADAPTIVE OVERCURRENT PROTECTION

Adaptive protection has been established since 1980s [43]. It was empowered with the
increase of computer-based relays [44]. This enable to change the relay setting corresponding to changing
the system condition. Adaptive protection are defined as an online activity that modifies the protective
devices corresponding to the change in system conditions or requirements [43]. The adaptive protection can be
divided into adaptive protection device and adaptive protection system according to its function and
information used [45].

3.1. Network topology

Adaptive overcurrent protection based on identified the network topology strategies defined as a
change of system condition, either under operation of grid connected or islanded mode and operation of DER
(connect or disconnect) in the network. The settings of overcurrent relay revised according to the change of
network topology. Communication system plays important role in this scheme as to provide information for
the change in relay settings. However, there are an adaptive scheme only using local information to update
the relay setting [46]. Hence, the scheme can be divide either by using local information or communication
module.

Author in [46] have proposed the adaptive scheme based on conventional overcurrent protection with
detection operating states and the faulted section detection. The proposed scheme have different set of relay
settings for grid connected and islanded mode based on predefined protection settings. The scheme uses only
local information to update the relay settings. However, the proposed scheme not suitable with the advancement
of technology as well as high penetration of DER in the system.

Hence, references in [47-56] have introduced solutions based on adaptive scheme concerning
the adaption of overcurrent relay with change in network topology due to penetration of DER in power system.
The author in [47] proposed method based on system topology detection to modify automatically relay trip
parameter as defined by author in [46]. In this scheme, the new relay parameter calculated from the
percentage change of fault currents with respect to power system without DER. However, this scheme may
lead to loss of coordination and sympathetic tripping specifically with high penetration of DER. While, author
in [48] proposed adaptive scheme which identifies the network topology by impedance level of the grid.
The system operating state is identified by the use of a state detection device, thyristor which responsible to
estimate the system equivalent impendence. The identification of network condition will update overcurrent
relay settings.

In [49] and [50] an adaptive relaying algorithm for distribution feeders with wind farms is proposed.
The adaptive algorithm in [49] depends on fault type and level, and it takes into account the generator output
power. On the other hand, an algorithm that considers only the operational status of the WG is developed. In
[50], the author proposed an adaptive relay settings considering the operation scenario of wind generators
(WGs). Advanced distribution automation system (ADAS) activated the adaptive scheme by according to
the operational status of line switches and WGs. The protection settings of all relays revised after performing
short circuit analysis in order to achieve protection coordination for all relays.

The author in [51] have proposed adaptive scheme which adopt the measures in real time which could
automatically identify the variation of parameters and modify the corresponding protection setting calculation.
While, adaptive scheme of minimum pickup current are presented in [52]. The proposed technique established
on update the overcurrent fault current based on fault current analysis.

Several research works have addressed adaptive protection scheme in microgrid with extensive
communication to deal with these problems [53-55]. The scheme concern on the improvement of adaptive
overcurrent relays which should operate correctly with respect to configuration changes, equipment outages
and transient instability. However, the change in network configurations cause the variation of fault current
which necessitation adaption of relay operating time.

Therefore, the author in [55] consider the critical clearing time for stability of generators when
microgrid operates in grid-connected and islanded mode. The author in [56] have proposed adaptive scheme
with considering the increasing of DER, introduction of active-network-management (ANM) and operation of
islanded mode. The scheme utilized centralized approach where setting calculations and commands are
performed by master controller through communication links. Therefore, whenever there is a significant change
in network, new protection settings can applied and update directly to the relay.

3.2. Fault detection

Fault detection is a very important issue to consider in the power systems in order to ensure safety,
reliability and to avoid accidents, damages to equipment and undesired blackouts. The effectiveness of
overcurrent protection is depends on the accurate fault signal estimation. When fault occur, overcurrent relay
must responds in fast and selective isolation of fault in anywhere along the distribution feeders. However,
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the fault occurrence in distribution network with the inclusion of DER may distort the fault signals and
introduce the decaying dc-component and harmonics. Thus, it making a process of tracking the phasor very
challenging. Hence, suitable phasor estimation algorithms are necessary for fast and efficient signal estimation
for fault detection. The accurate fault signal estimation can achieved using mathematical function such as
Fourier Transform, The venin Equivalent and Mathematical Morphology (MM) technique.

The author in [32] have proposed a fast recursive discrete Fourier transform (FRDFT) algorithm for
efficient fundamental tracking of varying power system signal. The FRDFT algorithm had been equipped with
directional element to implement different sets of protection settings for grid-connected and islanded mode.
Besides, the FRDFT algorithm is embedded with a fuzzy-logic decision-making (FLDM) module in case of
changing system conditions and varying DG penetration. The FRDFT algorithm has proved the efficient phasor
computation. The technique enables sample-by-sample updating, which, in sequence, allows for
the computation of a fine time—frequency resolution. In [33], the author proposed an adaptive overcurrent
protection based on optimized thevenin equivalent parameters estimation. The proposed scheme is based on
the local available measurement where the parameter of the thevenin equivalent circuit are estimated using
the proposed estimation method. In this paper, inverter-interfaced distributed generator (I1DG) during fault is
considered. Therefore, it is necessary to analyse the fault current from I1DG separately from the system.

Mathematical morphology (MM) widely used in signal processing. Author in [38] have presented
a-MM based fault detection for adaptive overcurrent protection scheme. The proposed algorithm has built in
DC-offset suppression capability and recursive least square error (RLSE) filter. The RLSE used for current
phasor estimation to provide input for algorithm.

3.3. Adaptive coordination

Nowadays, with the large integration of DER in the distribution network, the chance of
mis-coordination between relays increases. The optimal coordination becomes a very hard task as the network
becomes complex and larger. The issue of optimal coordination with integration of DER have been addressed
by author in [57-60]. Therefore, the possible solution to get the optimal coordination with considering
the DER in the network is by use adaptive coordination. The adaptive coordination scheme adapts to system
changes; new relays settings obtained as generation-level or system-topology changes. Many researcher are
focused on optimal coordination problem only without consider the large integration of DER in the network.

There a few researcher presented adaptive coordination scheme for optimal coordination. For
example, the author in [61] has proposed online adaptive technique without communication links for setting
all relays in HV substations. The technique based on online estimation of short circuit currents for selection of
overcurrent relay setting in order to achieve optimal coordination. Meanwhile, author in [62] has used adaptive
scheme based on master computer as well as communication links for selection of protection settings to achieve
the optimal relay coordination. In [63], the author has proposed an adaptive scheme which uses positive
sequence and negative sequence components of fault current to achieve coordination between the primary and
backup overcurrent relays

4. DISCUSSION

The impact of overcurrent protection due to integration of DER and the necessity of changing
the relay settings to adapt the system condition is essential steps for the effective and accurate design of
adaptive overcurrent protection. The possible risk can cause the blinding of protection or false tripping and
deteriorates the reliability and stability of distribution networks. In order to realize adaptive scheme, relay
settings must be satisfied and all constraint are fulfil as it can maintain the overcurrent protection network with
increasing DER. Previous works of adaptive overcurrent protection scheme can be categorized into three group
based on network topology estimation, fault detection, and adaptive coordination. The adaptive scheme is listed
in Table 1 as references that would be great sources to design an adaptive overcurrent protection which versatile
and robust with high penetration of DER.
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Table 1. Summary of adaptive overcurrent protection scheme

Adaptive Findings Advantages Disadvantages Ref
Scheme
Network The proposed scheme wusing local The relay setting are update by  The method based on predefined [46]
Topology information to update the relay settings. detecting the operating states and  relay  settings by local
the faulted section. information.
The proposed scheme uses the Using PLC and master control as  The study case only consider  [47]
information from original system without ~ communication system in this  synchronous generator and wind
DG and compare with the percentage  scheme. generator.
variation of fault levels.
The proposed scheme used method based ~ This scheme doesn't require  The performance may fail for  [48]
on the impedance level of the grid. communication system some operation conditions, such
as cannot identify the
reconnection of the DG to the grid
Network The proposed scheme based on consider This scheme doesn't require It takes into account the generator [49]
Topology the type and level condition of fault. communication system. output power.
The proposed scheme based on monitor Utilizes an advanced distribution Micro-grid can have synchronous [50]
the operational status of wind generator automation system (ADAS) and inverter based generators
and line switches along with wind generators.
The proposed scheme is based on The scheme offer satisfactory Not applicable for large scale of [51]
modification of relay settings where are solution which is independent of DER.
based on the sort of fault and system number, size and location of DG
impedance. in the distribution network
The proposed scheme update the Consider analysis in fault current Real time simulation is not [52]
overcurrent pickup current based on fault implemented to validate the
current analysis protection schemes
The proposed scheme based on the Using artificial neural network Depending on communication [53]
application of an artificial neural module and require huge resources
network (ANN) by using real-time to store valuable data.
synchronous phase measurement to
detect the state. The fault location is
estimated with the same measurement
The proposed scheme based on system This scheme takes into account All faults, abnormal operating [54]
topological change for distribution general protection requirements, conditions and system
network with DG. impacts of DG on protection configurations based on pre-
system and protection determined condition.
coordination.
The proposed scheme based on adaptive This scheme is adaptively for Require huge resources to store the  [55]
scheme for microgrid with consider the critical clearing time offline data
critical clearing time for stability of
generator
The proposed scheme using IEC-61850 The protection settings calculated ~ Need to obtain the information of [56]
communication and tested in hardware- in real time. voltage.
in-the-loop laboratory facility
Fault The scheme is based on online Using local measurement without ~ Cannot be implement for large [64]
detection calculation method of fault current communication module scale of DER and take a long time
technique corresponding with the system operation for isolation of fault.
conditions
The proposed FRDFT algorithm is for Efficient in fundamental tracking ~ Applicable only for radial systems [65]
efficient and accurate estimation of fault of varying power system signal and is not feasible for meshed
signal. Fuzzy logic controller is to set networks
relay trip settings.
The proposed algorithm based on the Provide a real time detection of Concentrate only on the [66]
wavelet transform, overcurrent function fault inception time for minimize  faults occurring downstream to the
were reproduced through scaling the relay operating time DER-source
coefficient energy.
The algorithm has built in dc-offset The proposed scheme can The proposed scheme only [67]
suppression capability and RSLE filter. dynamically update the relay applicable for radial network.
Mathematical Morphology used to filter settings.
the current
Adaptive The adaptive scheme proposed by The proposed scheme for Require sample of some voltage [61]
Coordination calculating the three-phase fault current microgrid consider both rotating and current phasors on the high
at the relay bus for the changed system and inverter based distributed voltage bus of the substation for
topology. generation systems (DGs) and the scheme
use only local information to
update relay setting
The scheme is adapt to system changed The proposed scheme achieve The proposed scheme required [62]
where new relays settings obtained as optimal coordination using communication links.
changed in network topology by using Artificial Bee Colony (ABC)
master computer.
The technique based on positive The proposed scheme consider The proposed scheme consider [63]

sequence and negative sequence
components of fault current to
coordinate primary and backup relay

technique for the microgrid
having both rotating and inverter
based DG.

phase fails under critical condition
like single-pole tripping and line to
ground fault with variable fault
resistance.
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5. CONCLUSION

This paper presented an overview of an adaptive overcurrent protection strategy to overcome the issue
regarding the integration of DER in distribution network. The issue arise due to rapid integration of distributed
energy resources in distribution network including network topology changes, inaccurate fault detection and
miscoordination among protection system because of change in current magnitude and direction of current
flow. The key operation of overcurrent protection is contingent on its protection settings. Adaptive scheme is
vital for overcurrent protection as adaptive scheme adapts with system changing. In this study, the strategies
for adaptive overcurrent protection in distribution networks are presented. Network topology was identified as
a solution for operation of overcurrent protection in distribution networks. Fault detection was an effective
strategy for accurate fault current estimation in distribution network. Adaptive coordination is the key strategy
for optimal coordination for overcurrent protection with the rapid integration of distributed energy resources.
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